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(Nb + Ti)/(C + N) = 0.2-0.85 (atomic ratio). 

The alloy is particularly useful as a boiler material, and shows excellent strength and corrosion 
resistance at elevated temperatures as well as excellent weldability. 
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SPECIFICATION 

Austersitic heat-resistant alloys 

5 The present invention relates to austenitic heat-resistant alloys having excellent resistance to 5 
embrittlement and corrosion at high temperatures and excellent weldability. 

Since the "oil crisis" of 1974, the proportion of the fuel cost in the overall costs of electric 
power production has been increasing due to the increase in the price of fuels , such as crude 
oil. As a result there* have been various proposals in the U.S.A. to operate the turbines of fuel- 
10 burning power plants at higher temperatures and under higher pressures, in order to reduce the 10 
effect of fuel price increases. 

In Japan, which has been confronted more severely than the U.S.A. with higher fuel prices, it 
is foreseeable that power plants will be required to operate at much higher temperatures and 
under much higher pressures. In this connection, it has generally been estimated that the 
1 5 production efficiency of a power plant will be raised by increasing the operating temperature 1 5 
and pressure and, for example, about a 7% increase in efficiency may be obtained by increasing 
the presently used operating temperature of 538° up to 650°C and vapour pressure of 3500 
psig (24.1 3 MPa above atmospheric pressure) up to 5000 psig (34.47 MPa above atmospheric 
pressure). Therefore, to meet these tendencies, heat-resistant alloys suitable for boilers operable 
20 under such severe temperature and pressure conditions are needed and in fact various 20 
development efforts have been directed thereto. 

In power plants where the operation is at a vapour temperature of about 650°C the boilers are 
subjected to temperatures of about 720*C, at which conventional heat-resistant steel materials 
including austenitic stainless steels, such as SUS347 (AISI 347), SUS 316 (AISI 316) and SUS 
25 310 (AISI 310), cannot maintain the required strength, and better grades of heat resistant steel 25 
are needed. The conventional austenitic stainless steels, for example SUS 347 and SUS 316 in 
particular, were initially developed with a predominant consideration given to corrosion 
resistance at ordinary temperatures, and therefore their chemical composition may still be 
improved so as to produce new heat-resistant alloys which can satisfy the requirements of boiler 
30 tubes with respect to high temperature strength and corrosion resistance at elevated tempera- 30 
tures, as well as weldability and so on. 

Steel compositions developed for such applications have been proposed, as disclosed in 
Japanese Laid-Open Patent Application No. Sho 52-149213. The prior art steel composition, 
however, has a relatively low content of Ni, from 6.8 to 20%, so that this steel composition is 
35 likely to be susceptible to the a phase formation which produces adverse effects on the 35 
embrittlement characteristics of austenitic heat-resistant stainless steels when heated to high 
temperatures for a long period of time. Therefore, this prior art steel composition cannot be used 
for the new applications, as mentioned above. 
A principal object of the present invention is to provide a new heat-resistant alloy compo- 
40 sitions which displays better characteristics than the known steel compositions, when used in 40 
the demanding applications referred to above. 

Accordingly, this invention provides an austenitic heat-resistant alloy composition which 
consists of (by weight): 

45 



50 



no more than 0.04% P 

55 no more than 0.005% S, and 55 
optionally 0.02-0.3% N 

with the balance being iron and unavoidable impurities, which alloy composition satisfies the 
conditions: 

60 Nb/Ti = 0.5-3 (atomic ratio), and 60 
(Nb + Ti)/(C + N) = 0.2-0.85 (atomic ratio). 

The percentages are by weight in the following, unless otherewise specified. 
This invention will now be described in greater detail and certain specific Examples thereof 
given, reference being made to the accompanying drawings, in which:— 
65 Figure 1 shows the correlation between the alloy Si contents and the weight decrease in a 65 
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Figure 2 shows the correlation between the alloy Si contents pnH tho or 
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generally accepted to be effective at improving the creep rupture property. 

The present inventors have conducted extensive studies with various proportions of Ti and Nb 
and have found results quite different from the conventional thinking. Fig. 3 shows the results 
of creep rupture tests with 12 kgf/mm 2 at 750°C, using two alloy systems containing different 
5 silicon contents 0.5% Si (marked by 0) and 2.0% Si (marked by #). 0.1% C, 1 .0% Mn, 20% 5 
Cr, 25% Ni, 1.4% Mo, 0.005% B, 0.02% P and 0.003% S, with various atomic ratios of 
Nb/Ti. The creep rupture strength increases as the proportion of nb is increased until the atomic 
ratio of Nb/Ti reaches about 3. This is quite contrary to the conventional thinking, as taught by 
Japanese Patent Publication No. Sho 50-3967, that the creep rupture strength becomes 

10 highest at the atomic ratio 1:1 of Nb/Ti. 10 
It has been concluded from the results shown in Fig. 3 that decreased proportions of nb in 
the atomic ratio of Nb/Ti cause a decrease in creep rupture strength, and the Nb content should 
be at least 1/2 or more of the Ti content, in atomic ratio. Preferably, the Nb content should be 
equal to or more than the Ti content. Also as understood from Fig. 3, with Nb contents 

1 5 exceeding the atomic ratio 3 of Nb/Ti, no substantial increase in the creep rupture strength can 1 5 
be expected. Therefore, the Nb content should be maintained at no more than three times the 
Ti content, in atomic ratio. 

Also Ti and Nb improve the creep rupture property through the formation of precipitates with 
carbon or with carbon and nitrogen. Hence the proper additions of Nb and Ti are dependent on 

20 the relation between the carbon and nitrogen contents: (Nb + Ti)/(C + N). 20 
The creep rupture strength level varies when the carbon content or the carbon and nitrogen 
(C + N) content alone is changed. Therefore, an investigation of the correlation of the creep 
rupture strength with the ratio (Nb + Ti)/(C + N) by changing the Nb 4- Ti content and the C 
content or (C + N) content will fail accurately to determine the effect of the (Nb + Ti)/(C + N) on 

25 the creep rupture strength, because the effect of the atomic ratio Nb/Ti and the effect of the 25 
carbon content or the carbon and nitrogen (C + N) content overlap each other. In view of this 
consideration, the present inventors have tried to clarify the effects on the creep rupture 
property by maintaining the carbon content or the carbon and nitrogen (C + N) content at a 
constant level and changing the niobium and titanium (Nb + Ti) content, hence changing the 

30 ratio {Nb + Ti)/(C + N). ^ 30 
Thus, referring to Fig. 4, the creep rupture tests with 12 kgf/mm 2 at 750"C were peformed 
on two alloy systems having different nitrogen contents: 0.05% N (marked by o) and 0.005% 
N (marked by #) and both containing 0.1% C, 0.5% Si, 1.0% Mn, 20% Cr, 25% Ni, 1.0% 
Mo, 0.005% B, 0.02% P and 0.003% S with various atomic ratios of (Nb + Ti)/(C + N), to 

35 determine the creep rupture time of the two alloy systems. It has been concluded from the 35 
results of the tests that in the above alloy systems, the atomic ratio of (Nb + Ti)/(C + N) should 
be maintained in a range of from 0.2 to 0.85. If the ratio is higher than 0.85, the precipitates 
containing Nb and Ti are very likely to grow coarse, thus partially decreasing the effect of 
improving the creep rupture property, and on the other hand, if the ratio is lower than 0.2, no 

40 substantial effect of Nb and Ti will be obtained. Therefore, in the present invention, the amount 40 
of (Nb + Ti) should be in a range corresponding to the atomic ratio (Nb + Ti)/(C + N) ranging 
from 0.2 to 0.85, and the atomic ratio of (Nb/Ti) should be in the range of from 0.5 to 3, 
preferably 1 to 3, when the carbon and nitrogen contents are maintained constant, as explained 
hereinbefore. 

45 In view of the above discoveries, the upper limit of the niobium content in the alloy according 45 
to the present invention is set at 0.6%, but preferably at 0.5%, and the upper limit of the 
titanium content is set at 0.3%, but preferably at 0.25%. Further in order to assure the 
favourable effects of Ti and Nb on the creep property, the titanium content should not be less 
than 0.03%, but preferably not less than 0.05%, and the niobium content should not be less 

50 than 0.05%, but preferably not less than 0.06%. 50 
Boron should be present in amounts of not less than 0.003% in order to increase the creep 
rupture strength, but excessive boron contents will decrease the weldability and the ductility. 
Therefore, in the present invention, the upper limit of the boron content is set at 0.010%, but 
preferably 0.007%. 

55 Phosphorus, when contained in excessive amounts, will promote precipitates, thus promoting 55 
embrittlement during creep. Therefore, in the present invention, the upper limit of the 
phosphorus content is set at 0.04%. 

Sulphur, when present in excessive amounts, will segregate at the grain-boundaries and 
promote grain-boundary embrittlement during creep. Therefore, the upper limit of the sulphur 

60 content is set at 0.005%. 60 
Nitrogen is an element conventionally known to be effective at increasing the high tempera- - 
ture creep rupture strength of high-Cr, high-Ni austenitic alloys, through the formation of 
nitrides. In order to increase the creep rupture strength through nitride formation, the nitrogen 
content should be no less than 0.02%, and preferably no less than 0.05%. On the other hand, 

65 increased nitrogen contents will decrease the creep rupture elongation, and nitrogen contents in 65 
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TABLE 2 



Atomic Ratios 



Nb + Ti 



Creep Rupture Property 
(750'C 12kgf/mm 2 ) 
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Note: indicates a comparative alloy. 
CLAIMS 

1 . An austenitic heat-resistant alloy composition consisting of (by weight): 
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Nb/Ti = 0.5-3 (atomic ratio), and 
60 (Nb + Ti)/(C + N) = 0.2-0.85 (atomic ratio). 
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65 4. An alloy composition according to any of the preceding claims, wherein the Si content is 
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from 0.4% to 1 .5%. 

5. An alloy composition according to any of the preceding claims, wherein the Mn content is 
from 0.8% to 1.3%. 

6. An alloy composition according to any of the preceding claims, wherein the Ni content is 

5 from 24% to 50%. w 5 

7. An alloy composition according to any of the preceding claims, wherein the Mo content is 
from 1.4% to 2.5%. 

8. An alloy composition according to any of the preceding claims, wherein the Ti content is 
from 0.05% to 0.25%. 

10 9. An alloy composition according to any of the preceding claims, wherein the Nb content is 10 
from 0.06% to 0.5%. 

10. An alloy composition according to any of the preceding claims, wherein the B content is 
from 0.003% to 0.01%. 

11. An austenitic heat-resistant alloy composition consisting of (by weight): 

15 ~ ~ 15 

0.05 -0.15% C 

0.4 -1.5% Si 

0.8 -1.3% Mn 

18 -25% Cr 

20 24.0 -50% Ni 20 

1.4 -2.5% Mo 

0.05 -0.25% Ti 

0.06 -0.5% Nb 

0.003 -0.007% B 
25 no more than 0.04% P 25 

no more than 0.005% S and 

0.05-0.3% N 

with the balance being iron and unavoidable impurities, and satisfying the conditions: 
3Q Nb/Ti = 1-3 (atomic ratio), and 30 
(Nb + Ti)/(C + N) = 0.2-0.85 (atomic ratio). 

12. An alloy composition according to any of claims 1 to 10 or according to claim 1 1 and 
substantially as hereinbefore described in the Examples. 
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